Spin pumping by ferromagnetic resonance is one of the most common technique to determine spin hall angles, Edelstein lengths or spin diffusion lengths of a large variety of materials. In recent years, rising concerns have appeared regarding the interpretation of these experiments, underlining that the signal could arise purely from thermoelectric effects, rather than from spin pumping and spincharge interconversion. Here, we propose a method to evaluate the presence or absence of thermal effects in spin pumping signals, by combining bolometry and spin pumping by ferromagnetic resonance measurements, and comparing their timescale. Using a cavity to perform the experiments on Pt\NiFe and LSMO\Pt samples, we conclude on the absence of any measurable thermoelectric contribution such as the spin Seebeck and Anomalous Nernst effects.
Spinorbitronics is based on the interconversion of charge currents into spin currents, by the spin Hall Effect in bulk materials or by the Edelstein effect at surfaces and interfaces. Determining the spin to charge current conversion efficiency, i.e., the spin Hall Angle or the inverse Edelstein length, and the spin diffusion length, is a key point to understand experimental results and develop applications. Materials with large spin Hall angles are indeed required for a variety of foreseen applications such as 3-terminal SOT MRAM [1] , Magnetoelectric Spinorbit Logic [2] or Terahertz emitters [3] . Since the early 2000's several techniques have emerged to evaluate this conversion efficiency, using lateral spin valves [4] , Spin Seebeck measurements [5] , spin pumping FMR (SP-FMR) [6] , magneto-optical Kerr effect measurements [7] , etc. The Spin Pumping FMR technique has been widely used to evaluate the spin Hall angles and inverse Edelstein lengths of a large numbers of materials, including heavy metals [6, 8, 9] , semiconductors [10] , Rashba interfaces [11, 12] and topological insulators [13, 14, 15] . The reason of such a wide use relies on the compatibility of SP-FMR with any multilayer stack, and the absence of any complex and costly nanofabrication process, moreover ferromagnetic resonance was an already widely used spectroscopy technique to evaluate the dynamical and non-dynamical properties of ferromagnetic thin films Even for a widely studied material as Platinum the estimated values of spin diffusion length and spin Hall angle determined by different techniques spread over more than one order of magnitude,with spin diffusion length ranging from 1.2 nm [16] to 11 nm [17] and spin Hall angle from 1.2% [18] to 38.7% [19] . This large discrepancy can be partially explained by differences in Pt resistivity [20] or accounted for by interface-related phenomena as spin memory-loss, but it still remains mostly unexplained [21] . In this particular context, concerns regarding the reliability of the SP-FMR technique have been pointed out. A thermal gradient could indeed arise at the ferromagnetic resonance, due to the energy absorption in the ferromagnetic layer [22, 23, 24] . Such a thermal gradient could give rise to several thermoelectric and spin-caloritronics contributions  in particular the Anomalous Nernst Effect (ANE) and the Spin Seebeck effect (SSE)  that would add up to the spin pumping Inverse Spin Hall Effect (ISHE) signal. In this picture, the signal would thus be due to a combination of the ISHE signal, the spin rectification effects (SRE) and thermal effects.
While the separation of ISHE from SRE has already been vastly discussed and can be achieved from the angular dependence in different measurement geometries [25, 26, 27] , disentangling the ISHE signal from thermal effects remains an open question. While the Ordinary Seebeck Effect (OSE) and Ordinary Nernst Effect (ONE) contributions may be extracted from angular dependences, it is not the case of the ANE and SSE contributions, which possess an angular dependence similar to that of the ISHE signal. Recent analysis of spin-pumping results have even been based on the hypothesis that the observed signals are dominated by these thermal effects [23] . Figure 1 a) depicts the dynamical spin injection process as described by Tserkovnyak et al. [28] , which is the model used to analyze the signal observed in spin pumping FMR measurements. As suggested by Yamanoi et al. [23] , the additional dissipation at the FMR could lead to the appearance of a voltage along the x direction. The absorption at resonance would lead to a temperature increase of the ferromagnet, and thus to a thermal gradient perpendicular to the layers. This thermal gradient would lead to the injection of a pure spin current along Z towards the non-magnetic material, converted by ISHE into an electric field along X through a process known as the longitudinal Spin Seebeck effect as seen in figure 1.b. Owing to the existence of a thermal gradient, the Anomalous Nernst Effect in the FM layer could also appear, creating an electric field along X as depicted in figure  1c .
We propose to test these hypothesis in two multilayers. The first one is a Pt\NiFe bilayer, archetypal of spin pumping ISHE experiments [6, 8, 16, 18] , with a large ANE coefficient in Py [29] , and the second one is a LSMO\Pt bilayer, for which a high SSE contribution is expected [30] . ∇ . This spin current is then converted into an electromotive force . c) Thermal gradient within the ferromagnet could give rise to an Anomalous Nernst related electromotive force .
The characteristic timescale of the FMR spin injection mechanism is the FMR precession period, which is of the order of the nanosecond. But the temperature increase timescale, the time needed to reach a thermal equilibrium, is of several seconds [31 , 32 ] : thermal and non-thermal effects have different dynamics. We thus propose a technique that can be adapted to any SP-FMR experiment to disentangle the two mechanisms, by measuring the time dependence of the spin pumping signal and of the temperature increase.
We performed SP-FMR measurements on a SiO 2 \\Pt(10)\Py (20) multilayer, on a 2.40.4 mm² structure positioned in a Brucker MS5 loop gap cavity. The amplitude of the rf magnetic field h rf was determined by measuring the Q factor with the sample placed inside the cavity [27] . We performed a FMR measurement at different sweeping rates, at a power of 100 mW. The scheme of the measurement is shown in figure 2 a) , and consists in the measurement of the voltage at the ferromagnetic resonance. As seen in figure 2 b) and c) in both the parallel and antiparallel configurations, the signal is fully symmetric and independent of the sweeping time.
Regarding the possible contribution of Spin Rectifications Effects in Py, the out-of-plane angular dependence has also been performed (cf. figure 2 d) . The obtained symmetric signal can be fitted with the ISHE angular dependence model described in reference [27] as sin( M ) with  M being the magnetization angle respect to the out of plane direction.. This demonstrates that the contribution of spin rectification voltages are negligible. This also excludes any contribution of the Ordinary Seebeck effect, which would be field independent, and of the Nernst effect, which would depend on the applied field perpendicular to the thermal gradient. The signal is also linear with the power (cf. figure 2 e) indicating a negligible change of magnetization when increasing Power. The signal possesses the ISHE angular dependence, and there is no trace of thermal drift, which implies that if there is a thermal component to the signal, a steady state of thermal equilibrium has to be reached in a characteristic time well below one second. Let us now evaluate this characteristic time. A temperature increase can occur at the ferromagnetic resonance, due to the increased microwave absorption at resonance [22, 31, 32, 33] . To evaluate the time dependence of this effect, we adopt the measurement scheme shown in figure 3 a) , where the field is applied out of plane to avoid ISHE or SRE voltage contribution. We used a fixed DC current of 1 mA, fixed power of 100 mW and measured the change of resistance at resonance, known as the bolometric effect. As can be seen on figure 3 b) we observe an increase of resistance at resonance; more importantly, this increase is highly dependent on the field sweeping rate. The resistance increases from 7.2±1 mΩ for a sweeping rate of 12 mT/s, to 28.5±1 mΩ for a sweeping rate of 0.18 mT/s. The result is in stark contrast with fig. 2 where the signal is independent on the sweeping rate. The temperature increase characteristic time is thus of several seconds, as the time spent near resonance at a sweeping rate of 0.18 mT/s is of 20 s for a linewidth of 3.5 mT. This timescale is similar to what has been observed in previous Electrically Detected FMR experiments [31, 32] . We estimate the corresponding temperature increase using the temperature dependence of the resistance of the sample measured inside the cavity (cf. figure 3c) . The linear behavior of the resistance leads to a temperature dependence of 96±2 mΩ/K in a range from 100K to Room temperature. The temperature increase as a function of the sweeping rate is shown in figure 3d . The maximum temperature increase is small, of 297±10 mK for the slowest sweeping rate, and only of 75±10 mK for the fastest. The temperature increase is thus found to be strongly dependent on the sweeping time, the thermal equilibrium is not reached after several seconds near resonance. Therefore, any effect originating from a thermal gradient should vary with the sweeping time. The spin signals measured in the configuration of fig. 2 being totally independent of the sweeping time, we can conclude that in SiO 2 \\Pt (10)\Py (20) the Longitudinal Spin Seebeck Effect and anomalous Nernst effects are negligible, and that the observed signals are due to spin pumping and inverse spin Hall effect.
In order to verify this lack of thermal contribution we also performed a combined bolometric and SP-FMR measurements on a LSAT\\La 0.7 Sr 0.3 MnO 3 (13.8)\Pt(8.2) sample, measured along the [100] direction. La 0.7 Sr 0.3 MnO 3 (LSMO) possesses a high resistivity compared to Permalloy and Platinum moreover the LSMO\Pt structure is expected to possess a smaller ANE coefficient but a larger SSE contribution than Py\Pt as demonstrated in Longitudinal Spin Seebeck experiments [30] . Therefore the possible contribution of SSE in this multilayer is expected to be enhanced compared to Pt\Py. In figures 4b and 4c similarly to the case of Pt\Py we can see that the thermal equilibrium is still not reached even for the slowest sweeping rate, the total temperature increase is of comparable amplitude and up to 199±3mK. As can be seen in figure 4e and 4f, the obtained spin signal is independent on the sweeping rate. Here again, this shows that in this system the ANE and SSE contributions are negligible compared to the spin pumping ISHE signal.
We would like to point out the fact that the NM and FM stacking order is inverted in the Pt\Py sample. This leads to a spin signal of opposite sign when compared to LSMO\Pt and previous results on Co\Pt [9] , as expected for ISHE symmetries [34] . The normalized ISHE signal is the ISHE voltage divided by the square of the rf field, the width and the total resistance of the device. [9] indicating a similar injected spin currents in these three structures. A comparison with the signal obtained in ref [23] is not straightforward as the rf excitation field is not known, moreover the frequency used was of 2GHz instead of 9.7GHz in our case which would lead to differences in the precession cone angle and thus in the total signal [8] . Another control experiment has been done to demonstrate the absence of thermal contribution to the spin pumping signal. The sample was placed in the parallel configuration and the external field was swept as fast as possible from 20 mT below the resonance to the resonance field H res at a fixed rf power of 100mW. The sweeping rate in this experiments was limited to 1mT/s to avoid a large overshoot of the field when stopping at the resonance field and thus allowing a fast stabilization of the field comparable to our time resolution.
In a first step, a 5 mA current is applied in the sample, so that the signal variations correspond mostly to resistance variations. The voltage resulting due to Ohm's Law is of 5µV/mΩ using a current of 5mA while the total spin pumping signal is of around 10µV at a power of 100mW. The results, shown in figure 5 a) , exhibits a resistance increase when reaching the resonance field. The time constant of the temperature increase is of around 10 seconds. In a second step, the same experiment is performed in the open circuit conditions commonly used for spin pumping experiments. In that case, the maximal signal is obtained immediately after reaching resonance field. This implies that the signal measured in open circuit conditions is not linked to the slow temperature increase at resonance but to the fast dynamical spin injection mechanism. To conclude, we observed in SP-FMR experiments in cavity that the temperature increase at resonance is limited to a few hundreds of mK, even at a large rf power of 100 mW, and is further reduced to dozens of mK for faster field sweeping around the resonance. Moreover, regarding the angular dependencies and the absence of link between the detected signal and the temperature increase at resonance, we can conclude that the SSE and ANE are absent in the signals for both SiO 2 \\Pt\Py and LSAT\\LSMO\Pt multilayers, and that only dynamical spin injection is involved. The method presented here can be generalized to any multilayer and effect due to thermal gradients in spin pumping experiments. In particular, this method might be very interesting because of the growing interest in Rashba interfaces and topological insulators in spinorbitronics. Indeed, these two groups gather a large number of materials with very high thermoelectric figure of merit [35] such as Bi, Bi 2 Se 3 , Bi 2 Te 3 … which could possibly give rise to non-negligible thermal signals, unrelated to spin-charge interconversion. It might also be useful to evaluate the contribution of the Unidirectional Spin Wave Propagation Induced Seebeck Effect in spin pumping experiments using thick YIG [36] .
